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Information cgncfswjng the expectation of life of wild Linim:]Is, whether from birih 
or from any point before or after they become adult, is notoriously difficult to obtain, 
fie man life tub Its, such as those computed by Pearl (1930), are based on the great 
mass of precise statistical data made available by census returns, but only very ucca- 
sinuady is it possible to obtain comparable information about a wild animal species. 

Examples of work based on sueb data arc summarised by Deevcv (1947), and 
include observation?! on wild sheep based on skulls left by wolves, on birds ringed as 
nestlings and on fish and barnacles. Usually, however, far less infornnitton Is available. 
The records of ages reached by animals in captivity, summarised by ldower (1931 ), 
probably represent only the probable maximum age attained by the specie^ under 
artificial and sheltered conditions, and have not much relevance to the survival rates of 
wild animals. 

Another approach to the problem is through the data obtained from the recapture 
nf marked animals, data which are often exceedingly difficult to interpret. One of the 
most comprehensive works based on tins method is but provided by Leslie d a! i 1953) 
who, having developed an equation in general terms, substituted values from marking 
experiments to obtain parameters representing the life oJ a wild population. The 
method, as presented, does nut seem to apply to the data presented here, which arc 
derived from continuous trapping by a moving line of traps, and, owing to tills, and to 
what Bodenhcimer (193S, p. 3U) has called H thc mathemnticophobia of most biolo¬ 
gist s’an analysis by this method has no] been attempted. 

Mii(crj:il and Method, During the last six years, information about the life history 
of Malayan nits has been accumulated from dime sources: i, u) die examination of large 
routine collections made primarily for parasite surveys, (b) mark and recapture experi¬ 
ments, Find fc) the keeping oT animals in captivity. The areas from which collections 
were made and in which marking experiments have been performed, details ol the 
techniques used, and notes on. the species have been given by Audy and Harrison 
E1953), and by Harrison (1955). A popular account oT the marking technique was 
given by Harrison (1951b). Mark-recapture experiments have been carried out in six 
areas which ere designated in the text by their laboratory names nf: “Forest*', an area 
m primary and secondary forest; l ’Pylon”, “House'', and "Stream", areas of grassland 
and scrub near forest edge, and "Taylor Road" and “Spooner Road", suburban areas 
of garden and scrub. These areas and those in which routine collections were made me 
■ dl within a radius of about twenty-five kilometres of Kuala Lumpur, 

In the present paper this information is treated as follows. Data from marked rats 
of known ages and from captive, animals is assembled to give estimates of weights at 
various ages. These are applied to die records of trapped rats to obtain an estimate of 
i be age distribution and hence the survival rate. Data from mark-recapture experiments 
■ire studied directly to produce an estimate of survival rules. These survival rates are 
compared with one another and correlated with the reproduction rates of the same 
animals estimated by Harrison (1955). 
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The animals considered here are of tEie following speeds and forms:— 
Chiropodoruys ^liroidcs (. Lilyc.]^ J ^ Pencil-tailed Tree-mouse. 

Rcittus rattus diardii (Jctllinik ) p Malaysian House-mU 
ii.r. argent ivenier (Robinson & KJoiisOi Rice held Rat, 

R,r, jalorensts (Bojthote), Malaysian Wood-rat. 

R.r. jaruk (Bonhotc), Jarak Island Rat. 

/?, exulans (PcaleJ, Little Burmese Rat. 

It. mUlieri (Jenttnk), Mullers Giant-rat. 

/?. foawersi (Anderson), Rower’s Giant-rat. 

ft. it'/i iffitiMiiti flhomas), Lesser Splny-i , :iL 

it. ntjith (1 ImiiuN), iLijidi Sjiiuy-nU, Gmijirifiitig iwn [liiiim i\i. Minin 

(Miller) and R.r. ptflax (Miller) which may nr may not he distinct, 
fi. ccimix (Miller) t Grey Tree-rat. 

R. sabanus (Thomas), Long-tailed Giant-rat, 

CLrmuU- anti growth. The climate of central Malaya is remarkably constant, com¬ 
pared with other part.*; of the world. Fig. I shows a temperature humidity diagram; 



Relative humidity percent 

J-]£. I TciijpL’riiiurc—humidity eliagr-ims. Mean tcmpujiiiures and retaiivc humidities ptotlcd month 
hy mnnih fnr VtuaJa Lumpur Aerodrome (KL) r51 r Lspirim Santo (ESj 19 j 3—h iri 
forest; nE-n-U Rangoon Dock;, (R) 393$. Temperature- 1 ; nre means *>1 daily rTUL.\:ir.;i atul 
minima, humidities means of daity feuding;, in early :i1;t;rnopn. The pronounced difTcrmce 
buL^L'Cl! Kuulu Lumpur and IRplnLu Samo icJIla’LS ibc difference hcCwceu cleared kind 
and foreil. 
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{hyther graph j of Kuala Lumpur Aerodrome for 1951 compared with one for Hog 
Harbour* Espiritu Santo tin die New Hebrides}, for 1933—4 as given by Baker and 
Harrisson (1935). The latter is regarded as a classical example of a. uniform tropical 
climate, and ft will be seen that the Kuala Lumpur diagram is of similar range, although 
of different absolute value. The humidity at Espiritu Santo, however, was measured in 
forest while that at Kuala Lumpur was measured in a Stephenson's screen over grass, 
lair comparison die diagram for Rangoon, Burma, with a typically monsoon climate, 
is also included in the figure. 

It is sometimes rashly assumed that breeding of animals will bear 3to relation U» 
season in such uniform climates. Breeding seasons have however been demonstrated in 
the New Hebrides (Balter 1947), and are known for Bornean and Malayan birds 
(Clibson-Hill 1932), while unpublished Jute suggest that Malayan bats exhibit some 
siieh season as those described from the New Hebrides by Baker and Baker (193(5} 
and Baker and Bird {]93bi. It ha.s also been shown that male ruts undergo an annual 
cycle of sexual activity, although this does not appear to be sutheienE to affect ihe 
pregnancy rates of the females (Harrison 1935). Nevertheless in raE-S there appears to 
be no breeding season, although breeding activity may show fluctuations related to rain¬ 
fall (Harrison 1952). In climates, where there is a breeding season there will be ol 
course be art annual change in the age distribution ol the population, and this will be 
rejected as an annual change in ibe weight distribution. Furthermore there may be 
annual variation in the weights of adults, as was noted with shrews in England by 
Middleton (1931) (although such a change was not found in rabbits by Brambell, 
1944). In Malaya, however, with its uniform climate and continuous breeding through¬ 
out the year, there appears to be no seasonal variation in growth rates, or in the age 
distribution of the population, and in the absence of any violent fluctuations of popula¬ 
tion brought on by epizootics, or clearing of forest, it appears legitimate to consider 
populations n( Malayan rats as stable cates, having a constant age structure, and com¬ 
posed of animals having similar growth rates. It is therefore possible to relate size to 
age in a way not possible in a more markedly seasonal climate. 

Age and weight. The history of the growth of a rat appears to be that it grows fairly 
continuously and evenly, up to a certain size, and then, for the rest of its life, fluctuates 
about that size. Such a history is a commonplace for a rat in captivity, us, for example 
the R.r. diardii shown in tig. 2. A similar curve for the Indian Mole Rat [Randicoia 
bengelenste) was published by Harrison and Woodvillc (1950). 

No marked wild rat has vet been trapped sufficiently frequently in the early part of 
its life to produce a wholly comparable growBi curve, but the results which have been 
produced indicate u similar trend. Jl was not found possible to make regular measure¬ 
ments of sample lengths, and the measurement has been confined to weight, a dimen¬ 
sion unsatisfactory En that it is easily affected by hunger and pregnancy, but one easy 
to measure with fair accuracy. To encourage uniformity the weight was always taken 
on the morning after the rat was trapped, before any food was offered, although wafer 
was given. 

Examples of the observed growth of Rntcus rattus j a tor crisis are shown in fig. 3, 
For only two rats was the rat marked at birth and subsequently recovered, one at 40 
days old, die other at ten months and on a number of following occasions. These two 
however provide a framework to which the recorded growths of other ruts can be fitted, 
as are the five shown in fig, 3. Many more can be fitted, but [his figure is limited to 
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Cnmvili of Crtfl live ti.r. ittnn/ii. Rtrnrd of v.jil'.M 
uf the Mai ay si ah Hof is e Rai. J'bis spates fs 
well i v n captivity. 


seven rats only to avoid confusion, By rilling together results in this way it is possible 
to produce an "average" curve of weight and age for the species. From this curve ir is 
pos.Mole to rend off nn approximate median weight for any age and also an approximate 
median age for any weight, 1 l'hc latter, however, will be liable to large errors in the 
higher weight groups where the curve flattens. Such curves have been'constructed for 
die species shown in table I, being based in each ease oil weighings- of marked rats 
which have been followed through for a considerable part of the eariv pan of their lives 
Only W] th Ji.r. jahretuh, however, has the marking at birth and subsequently recovery 
ol 3be grown rat been successfully accomplished. The growth for the first two months 
of lives of other species is derived from caged animals. 


I- Tile age-weight estimate is, stiiejly, a pofnl on ihe median ci 
noi necessarily represent either the rued Fun weight at ;i pWen afie or 
Wcire Lite, relation of Weight to U&e linear, and were Ihc rtsiriWon 
tiRC-wc^Fu Climate would rcpresenl both of these valuer With ihc 
u-ied, no great error i.s introduced h\ assuming ibis to h q ro. 
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! iq.. - l . Growth or wild R r r. jtttorcnaix. Records of the weights lil successive captures of seven 
marked spec i mens ot ihe Mlilaysian Wood Ral Irom Spaottcr knad c x pc ri iTil" n T ;; I jireJl. 
Onty two of them Were marked ;iSf nestlings* the remainder are entered at anoronriale 
potrtls. 
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Median 

weights of wild 

marked 

rals, month by 

mnnlb- 


Age 

It.r. 

It.r. 

a. 

It. 

/f. 

It. 

.Months 

fal ore nuts 

arf'cnli venter 

c\ ttlunx 

ntttUcn 

whltehrmti 

nijofr 

1 

30g. 


13& 

45t- 

20J!.. 


2 

55 

50 

25 

no 

35 

50 

3 

7 5 

70 

33 

13ft 

42 

70 


S5 

35 

37 

220 

47 

St5 

5 

90 

95 

39 

240 

51 

100 


95 

ttf5 

41 

250 

53 

no 

7 

— 

115 

— 

im 

55 

120 

a 

♦ ♦ 

122 

— 

270 

— 

130 

9 

— 

— 

— 

290 

— 

140 

10 

— 

— 

— 

300 

— 

147 

LI 

— 

— 


3IO 


155 

12 

— 

— 

— 

320 

— 

160 


S\Kh curve* cannot be regarded us highly :i ecu rate estimates of l lie median, und sc 
n is probably sufficient if Llie weights are recorded, for convenience in subsequent use, 
ui the nearest apropriute weight-group. 
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For other rats less complete cJllill tire available. and 1 lie estimates of median weight, 
fur what lJiL-y are worth, are Met out in table 2, For all bat the ILr, jaiorensis from oil 
paints, these figures are derived from the growth orats in captivity supplemented b> 
information from marked rats in the case of R. sahatitn, The oil-palm rats form a 
population with peculiar dies of its own, as pointed out in ;i former paper (Harrison, 
1951). One of these peculiarities i-. that the maximum weight attained is consistently 
lower, being some $5 per cent to 90 per cent of that attained by the same species from 
forest and wasteland. It has not been possible to mark rats from this locality, and the 
weights given in the table are derived by assuming (hat all weights are S5 per cent la 
t?n per cent of (3Lose iur corresponding ages ot" other specimens, 

t'AULf-. 2 

.Alnl and Wi.eukl 
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R.r, jaforetisis from 

oil palm estimated 

Age 

Ckirop&tlcmys 

Hr. 

fi.r. 

iittorensis 
foil palm) 

R 

R. 

R. 

Months 

^hroides 

diardjS 

ho H’cr.sj 
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90 
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12^5 
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SO 

290 
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6 
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120 

H5 
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My 

7 

14 5 

— 

— 

330 

250 

HO 

s 

— 

— 

— 

340 

265 

H5 

9 

— 


— 

350 

275 

150 

10 


— 

— 

— 

2B5 

155 

It 


— 

— 

— 

255 

160 

12 

, r — 

— 

— 

_ 

300 

165 


List ini a (km of ugc-dhlribuliim frum weight distribution. In the routine collections of 
animals made up to the end of 1952, care was taken Llj ensure that as far as possible, 
rats were trapped indiscriminately, and there is little evidence lhat. in the circumstances, 
there is any particular bias towards young or -''d rats, or males nr females, bach evid¬ 
ence of bias p 5 can he discovered is discussed by Harrison ( 195? ), and eh idly invt Ives 
the escape of young spec tine ns through die mesh of the traps. 

If these collections are taken as a fair sample of LEte population, then It is possible 
to apply the median weights at different ages, from tables I and 2, to the observed 
weights, and obtain an estimate of the age distribution of the population The simplest 
and most familiar way to demonstrate the age distribution is to construct u life table. 
The construction of a life lablc is explained in most works dealing with the statistics 
of human populations, such as Pearl (3 930) and Bradford Hill { 1950). In principle ii 
follows the life of a group of individuals all of the same age, and shows the number that 
will be alive ;i1 ages L 2, 3. 4 t etc. It is constructed by taking 1 he actual number of 
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inijjvjdLinJia in die population els being the number in tile group which start at age U. 
rmj then showing successively the number which have survived to nge L 1. 2, 3. 4, etc.. 

the number surviving to age -I, for example, being the number in' ilie population nf 
ages 4 or more. 

This hsis been done graphically in figures 4, 5, rind f>„ where cacti entry is shown 
^ a P° I]1L on ;i dsa !™ w *}h i^s in months reading horizontally, and actual numbers 
■'.lown vertically cm a logarithmic scale. A logarithmic scale is chosen so that the sane 
gradient indicates the same death rate ut different points or I he curve and the steeper 
ne gradient. Lite higher the death rate. IL is remarkable that the series of points lie very 
dme to straight lines, indicating that the death raLe is constant over the nme.e oE sees 
■. tm si tiered. Straight linci, fitted by eye, have hecn drawn in. 

Fjg. 4- shows the lines for the five species of forest rat, R sabanux, ft, rajah, 
A. sullen, R. ctmus, and R. bowersL The last two species, indicated bv broken linc^ 
nn the diagram, are represented by only small numbers and are plotted on n scale 
equivalent to one tenth of that shown (i,e. 1,000 on the scale represents 100 raLs,). All 
specimens of both forms of R. rajah arc consolidated because of the lame number of 
younger specimens which can only doubtfully Lie allotted to either mrifer nT peitax 



I'is-4. Survival from [lie wrijdu distribuiicn, fares! spocit-s. Totai iiambus of raiR logarithmic 
scale i (Hammed during l’J-tS-52, of weigh I greater than rhat Lorrespfmdjp- to lEie :;lv 
shown on ibfl horizontal SCii]tf. Canfinanns tints l k, |. hiimbcrh" n*. -n^ite: - ■ R ■. Si 
whtmu.v. H.r. if. /a fair. Km. /f. /rtilthn. Broken I me i dots), mi in hers cine fen Hi nf state: 
Re. R. i'lini/.r, Rb. !i. fdiivj'.ti. 
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Fig. 5 shows ibe subspecies of R. rat tus: R.r. urgent iventer, R.r. jarak, R.r. jcrip- 
rensis, and R.r. dkirdii, R.r, jatoratsis is divided into the two populations trom oil palms 
and from l ’ForcsL" (i.c. other localities* mostly secondary forest and scrub), It will be 
seen that the oil-palm rats exhibit a decidedly lower death rate, i je R.r. iliardii, all from 
Kuala Lumpur town, are divided into the two sexes, since the species as ibe only one 
which exhibits any difference in the rate between sexes, it will be seeri that the mules 
exlaibii a decidedly higher death rate than the females, a conclusion which was reached, 
on other grounds, in an earlier paper (Harrison 1951a), The R.r, jarak were collected 
on two visits i January 1950 ami 1953) m lunik Island in the Si rails of Malacca. This 
rat appears to be a leru] form of R.r. dkirdii but slightly smaller, midway in si ?c between 
diardti and jalorenm (Audy et ciL 1950), The weights at different ages used were the 
means of those for dkirdii and jaloreijsis. 

l r ig. b shows the remaining three small rats, Chircifiudatnys gliruides front forest, 
R. exulans mostly Trom grassland and the forest clearings oT the aborigines, and R . 
whiteheadi mostly from forest. 



].- jj. s Wei ell t drartbLuion, forms □[ Rattiu ruiUn \* figure 7. numbers (log. seutej ,)T over Lin; 

age shown. JO (dots), R.r. jalprrmis from nil palm; JF (x). R.r. jj&Wp/wufj from forcKi 
.ljkI scrub; D . (*) R.r. diatdii females, D x (large uoL^> males: A (dots), R.r tir^tn j- 
tivrnler; jk R-r. inrttp irnm Jariik Murid, sample en11 l,'cE cd an 1 Wp auctions JiiliU.iih 
MJ50 anil Innunry E953. 

If the death rates of these rats are really constant over the whole range, that is to 
sa y if die points really lie on straight lines, then fur each rat wc can determine a death 
rate, or, more conveniently a survival rate (since sun'ivai rate ■ 1 minus death rate) 

irmn the slope of the Sine. If N is the total sample, and if s is the constant survival rule 
per month, then starting ui 7.cro. Ns is the number one month old and over. Ns 2 the 


Bull. fUPFLSS 



SURVIVAL RATES OF MALAYAN K ATS |3 

number Lwo monltos old and over, A'v' die number three months old and over, Lind 
so ell, Since numbers ure plotted on si logarithmic scale, they will Jic on n straight 
line die slope of which will give the value of s the survival rate. In table 3 these 
survival rates are summarized, and expressed also in ihc alternative form of “mean 
length of Jife T ", read directly from the diagram as die lime by which any population 
JV sinks to N/e. 



i. Mean tcnytfi el iife — t/luy sfaie^ if Llie survival mtc is constant lIw npjrcgnle number of 
months livcU b-. A nils will h-C J iV.Vill. I lie number alive ;il ilia mean Ivaiclli of life will ht; t\ •. 
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Table 3 

SUKVIVAL liSTEMATL FKUSE WF.IdllTi; 

Survive], iln tncLin icnplfi of lily aad „-n d. rate per montli. catcnfaicd py nppKiiiti IEvj emith-ucs 
of weights m sgex lv (he records of the weighs of hll rats, collccicil from I 949 ki \'t$2 js in figures 


Species 

N ut?t her 

?> frun 

0} life ur tnonth* 

Jiitnii'dl nih- 
}>rr month 

C h if up uita tnys gUroida 

172 

23.8 

U-9& 

R.r. ditirrfii £ ; 

, i?ii l 

44 

p4i> 

9 t - 

E149 

5T 

0-83 

R.r. iitforrttsi# 


■ 


Forest 

739 

6 0 

0 85 

Oil Palm 

in j 

8-3 

o»y 

R.r. iirjzentivfitfer 

480 

13-1 

0.93 

R.r r jtirtik , » 


9-0 

0-90 

It. cxuluti.i 

977 

6.3 

O-B'5 

R. rriiiilcri 

4S19 

E 4-0 

0.93 

R. b-enrersi 

&2 

[40 

0-93 

R , whitehead: 

421 

4-0 

0T3 

R. rpjtih 

5t)i 

|]4 

092 

R. zabtmus 

832 

134! 

093 

R. tofi Ml 

15:1 

9-7 

Q-90 


In mating the estimates h would clearly not be correct to say that all rats of, say. 
more than a particular weight were of more than ihe corresponding age; there are 
clearly a number of raLs (X f of greater age but of less weight, and another group i Y) 
of less age huL greater weights. Since, however, the estimate is oF median weight ami 
median nge T then X and Y represent approximately equal numbers of rati, and it is 
therefore approximately true to say, that Lite number of rats of more than a certain age 
is equal to the number of rats oF more than the corresponding weight. This would only 
be strictly true if Lite age distribution were uni Form, and the age-weight relationship 
linear. Since the number of ratjt decreases with age, then Y tends to be greater than X, 
and since the weight does not increase uniformly with age, X tends to be greater than 
Y. Although the errors, act in opposite directions they nre not constant, and the net 
effect will be (o over-estimate the numbers In the higher age groups. 

Very young rats are either not trapped or can escape from the mesh of die traps 
used, so that die figures for the first few months of life will also be underestimated. 

The most serious source of error, however, is likely to be the faulty estimate of die 
median we [girt at a given age. These are likely to he underestimated^ and Lite survival 
rate overestimated, from the very nature of tire information on which they are based. 
Weights derived from the i rapping of marked rats will be unduly influenced by raLS 
trapped frequently, and such ruts arc known to lose weight in the traps. Weights derived 
from rats kepi in captivity arc likely to be loti low 4 die rat does not respond well to 
captivity. An observation of this sort is made by Leslie el al (' 1^52) who say '‘Evi¬ 
dently age for age the at lull wild rut may achieve a much higher level of weight 
than that observed in the laboratory". 
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Survival of young marked rals. Alt hough the age-weight estimate docs nni : tvc .m 
accurate c^tLJTnjite of the actual age of 1 1 ’j c older rets, it docs give a reasonable one lor the 
younger rats, which arc growing quickly. It may, (hereFore, be used to estimate the age 
iit marked ruts when t lie sc have been marked early in [be, bus is of tu> value For 
os la mating ihc age of grown nils, marked later ns life. 

I ublcs 4 and 5 show the results of marking I SI) R.r. juiareiixit and 134 R. cxuhtn.s 
uf various sizes from three areas (Pylon, Stream and Spooner Road;. Not alt rah 
marked arc considered, but ibe groups were made comparable by selecting all the 
younger (lighter) rat.’;, and for each young rat so selected including the data of Lite next 
older rat to he marked of weight over K5g for R.r, jaforensti (10 very young rats not 
so balanced), and of weight over 33g for R, exitfms. The tables show. For each weight 
group, the number of mis marked, and. month by month, die numbers subsequently 
recovered for the next four months. The number recovered is shown, not as the number 
actually recovered during die month, but ns the number "known to have survived” i.c. 
liie number recovered during die month or subsequently. Thus of Lhu 35 R.r. jaforeuxis 
marked at a weigh! of between 31) and 54g (corresponding to tin age of between I and 
2 months) 21 were recovered either during die month following markings, or subse¬ 
quently, and are shown as known to have survived to age 2 months. Of these 17 were 
recovered during die month next but one, or subsequently, and are shown as known 
lo have survived to age 3 months. The survival rule From age 2 months to age 3 months 
is therefore 17/21 oF ibese rats, and 2/3 of die rats marked ;s weight group smaller, an 
average rate of 19/24. 

Taull 4 

are and Survival Ha re 

NLtmbcr* Lil H./. jiiltirntxi\ tno^ii Ilj iiii^e survivtd up So -t nscmlhs .|lkT Niarkni^ il( ;m 
■eai Fittu IcJ J'mni the wo^hl. 
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— 

— 

A 

55- 

35 

“ 

— 
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IS 

14 
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11 
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Table 5 

Ace anu Survival Rath 
KinnrUs l or H. exnfons ns at Table A 
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26 

37 

TO 
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5 
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— — 
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— 
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In table 6 U* couolidated survival figures, month by month, arc computed with 
“Sected" if [lie survival rate were constant, whatever the ogc.'attd equal 
to the average, t.e. 207/257 for R.r i«i 0KI ,,n 125/127 for «. r,„lj. Clearly the 
oliSi.riLti and expected numbers of survivors agree very closely, and a chi-squared test 

1 r !lbB1J[ 50 pCr ccm imd 40 P° f cent respectively that the differences 
, , : *™ “f 10 dllmcl ;- lhc ^ ls ' t^refore. 1.0 detectable difference between tlte stir- 
hlI rao, nc young and nf older specimens of i hese species. 

Table ft 

Ace and Sl-hviyai_ 

,<Bt appHcd to lhc know]1 of »i cadi month, from the Qf 



Number 

present 

Survh on 
obs. cip. 

CTjA 

squared 

NiK 

present 

A. 

i'ffrr 

iixMurii 
j von r 

Mfl* 

Cfii- 
tq Hared 

1-2 

4 

3 

30 

— 

-— 




Z-3 

24 


IM 

noo2 

17 

to 

121 

] .3 

3-4 

41 

34 

33] 

0 1 

40 

31 

2S-6 

24 

4-5 

46 

40 

37-| 

I-2 

4ft 

31 

32-9 

04 

5- ft 

£9 

67 

71-7 

1-5 

49 

35 

35-0 

0-0 

Over f? 


44 

42.7 

0.3 

23 

Eft 

3 64 

04 

Total 

. - 257 

207 

P 

3-1 

^ 0-5 

175 

1 25 

P 

at 

- 0 4 


Liriiorlunatcly tuerc are itisulficicnt data for young specimens of other species of 
rat to produce comparable figures, but such figures r ls are available dn not suggest any 
differences of survival rales. 

Er seems icgitimulc to suggest, therefore, that lhc survival rate of rais baa enough 
to be trapped In not aETecLcd by ago, and that data for all rats of Hie one specie* (in lhc 
same etmdjlions) may be consolida ted. 

Estimation of Sunitul Rata of marked rats. If the survival rate is. in fact, not 
influenced by age over tltc range considered, then the mean survival rate of the marked 
rats may be estimated easily and quickly, by plotting tile numbers recovered after 
pc nods of (I, 1, 2. 3, etc. months on a logarithmic scale of numbers. These points should 
then lie nnn straight line, lhc sFnpe of which will give an estimate of the mean survivni 
rate, in the same wuy as did the lines derived from the age weight relationship. 

Consider a population of A r marked rats, and let the chance nf recover* of a 
marked rat at all (any number of times) be p; then the total number nf rats recovered 
after marking will be Np, i That is Np will he tile number recovered during the first 
month or subsequently. If the survival rate is ,v per month, then the number of marked 
rats its existence at the beginning of the second month will be Ns and therefore the 

ig!H stssT &£ 

" n “ y bcaifca ' J * «* «“'«» «* >'.0 rat t* trapping 
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number oF marked rats recovered during ihe second numlh or subsequently will bo Nip 
bor the third month, die number ai the beginning will be jVj* und the number recovered 
' ,r ■ number ol rats marked, and the numbers recovered during or after [lie iir^t 
monih p the second month, the third month, and so on will therefor form u scries: ,'V 
Aj 1 -, ;\pA\ Nps -, Nps* . . From tlie second term onwards this series diminishes bv 
a uniform proportion, .v. mid by plotting these points on a lognrithmie scale uF number* 
s can he estimated, I he lir.M term N, the number marked., dues noi lit the series* ( unless 

p happens n\ chance to be equal to .vj and is not considered in lining ihe regression 
Jincs, 

Figures 7, H, and 9 show all the available information plotted. Ihe scale of num¬ 
bers is logarithmic, and the scale of months is linear. The point opposite zero months is 
:lw number marked fA'L that opposite month one is the total number recovered (during 
the first month and onwards, ,'Vp 1, that opposite month two is the total number re¬ 
covered From the second month onward. (Nps). and so on. IL will be seen That with the 
except ions of JLA (tfgcijtivMiter and R. mbanHJt, tire number marked (N) docs, in jdet 
he close lo the regression line drawn through dm other points The two exceptions pre¬ 
sumably have an unusually low value of ft 



5 

Months alter murk mo 


E & 
'o 


1 iU " m . h| ® rn:irkcd FOEtfSl rials. Mhnkcis ai rUs HlHI'kiMi :unJ recovered, -on a layjrilhrsiiv 

scule. A; riiiiiLili £1 js plotted llui nuoihcr jmnrktJ, Jil moiHll ■ ihe sical ntim&cr Men vc red 
I J ifw mUil n urn he i recovered after tin; Itrsj month, at 3 total recovered after the sc-con-J 
mailtli umJ sn oil. 

hrs (sl. JT.J- wriftr- Urp Ut, it rajah prftujr: Kin It niiUfcri: kvv idols), 

h. \i'!iti:‘ln , iuic, Its i ov. ft. .Kth(tnir.\ ,ill from Korfi! twjtcrimcnl 


Mus. 27. t95fi. 
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Fig. 7 is of the forces, nils, It- scihcmns, K miiiteri, R- n-hitvht:acii, ;md die two 
forms of R- rajah [peUax and surlier ). Fit;. # is of the grassland rats: R , exultuis 
(crosses) From die ''Pylon” area (ReP), and from the "Stream” and "House" areas 
combined (R.e.S. £ R); nte/jtW/ (dots! from ail three areas; and Rj. ar^eiui- 
vmter (uz) from all three. Fig. 4 is of various populations of R.r. jalorensk, from 
“Spooner Rd ” from the "Pylon" and “Stream" areas combined, from "House", and 
from "Taylor Rd”. 



3 °°\ 


Months after morkmq 


Fig S Surviv.1 or marked scrub and Boland ruts. As fis- 4, numbers on lu^ri.hmie !l 1 ' ’ 

number marked, iKen*n«r number record Stream 

KcP U). tt. from Pylon experiment, ReS&H (* .■ A- E™ 

uud HouidViS'inwtil.s rombmed; Kn (a). .. fru ' n - l11 ^ R * ****'' 

R. wiiiieheadi from all scrub hfciis. 


Tabic 7 nmm arises ihc survival fates read irom these diagrams. ' l> 

' month and as mean cipeoation of life (that is. die average length of We of 
, mi,rad mealttred by iindL the time by which the population sinks 10 Me of 


Us former value). 
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TABiLfc 7 

SlJHVlVftL ESTTMATL. PKOM M UltHU KAIH 

Survival, as rine f>ur monlli, rind mean Icn^lli of life in monlh?., isiltuLatcd from the records 
nr marked mis iliown in lips, 7-9 and the resists of applying n correction of half the period of Liu.- 
trapping cycle. 


A p rii'c.r timl 

Nr/, af 

j\nr\N'(tl 

A temt 

Trapping 

"C L 4>r#Vi 

Cif if 

Population 

rjj r .e 

talc 

length life 

cycle 

Mean 

Saniti 

mark \:sl 

per month 

(months) 

(inowhs) 

length life 

rata 

R.r. [ah ) rami j 

Spooner RJ. 

99 

0'S7 

fr'J 

j.O 

7-4 

O' 87 

Taylor Rd, 

14 

0.7 8 

4.0 

0-8 

4-4 

0.30 

House 

29 

0.76 

3.6 

2-4 

4-8 

OH 

Pylon A Si ream 

198 

0-6K 

2 0 

2.0 

3* 

076 

F r. tirgcntivtmer 

74 

0-62 

2 1 

24} 

3d 

0-72 

R, cXiilarrs 

Pylon 

♦ , 282 

0 M 

20 

2-4 

3-2 

0-73 

S Lren m & 11 a use 

78 

0 57 

1-8 

243 

2-S 

H-7fl 

ff. wfutchtadi 

P.H.5. 


049 

14 

2-0 

24 

D-ftft 

Forcsi 

45 

06 :* 

2.2 

24 

3-4 

n-75 

R. inti fieri 

24 

O.fliJ 

4-4 

24 

It 

LMH 

R. rajah it rife r 

36 

083 

5-3 

24 

6-5 

0-8G 

R- rajah prlla r 

41 

0-77 

3 1 

24 

4 3 

0-79 

R, sabttiilt\ 

,. El 

0-71 

2.9 

24 

4-1 

0.7 Ft 



Monih<, alter morijno 

Pip. 9. Survival cif marked R .r jalorenstt, A* Sipi. L 4 nod 5, for populations of R.r, fnSoren.y/.i from 
different l s pe i i i ne mi. S R f doS s j. from ?s | ujQ n r i Ron d; PA a : i i i iljj k i e i;s c!:^ior% lilK 1 ! o r 
lhe pci inis from Pyltttj t < mid Stream ill] e\pc rime ms; If w\. from House experiment: 
TR ! dill s ). from l\iy 1 or Road C*per i i ne m . 


M Us. 27. 1956. 
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Possible errors in estimation 

1. Emigration* Evidence will She adduced in a Eater paper that the rats in taut spend 
most of their tile within a fairly small area. Occasionally they appear to leave their 
home range and go elsewhere. Such events, however, appear to be uncommon, although 
there is some evidence iliac [hey do occur. Marking records also *uggesi iliaL long 
range wanderings may occur in some species, thus a single specimen of AV. urgettfi- 
vaitcr. normally confined to grassland, has been trapped In furesL a kilometre from 1 Lie 
nearest grassland, and specimen of /?.r. diartlii, normally eon timed to In. ■uses, I ilvs 
been trapped In scrub at least half a kilometre From the nearest house (a squatter’s 
hut). Such emigrants would appear ns non-survivors in marking experiments and would 
thus cause die survival rate to be under-estimated. 

2, l>eath of marked rats. Although the marking ot rats has no obvious effect upon 

idem, ii is possible that it does in fact increase (lie dem t rate. This coukl happen h} 
increasing (lie susceptibility to infection as a resell ol the marking and of minor dan luge 
caused by the trap Ho tail-tips and noses). Rais trapped several days in succession do 
lose weight so that slight starvation (the refusal of food in cages) is u possible factor. 
Furthermore, rats arc released during the day, and this may cause slight increase in (lie 
chance of predation. The el led of this would be to increase the death rale of she 
marked animals so [list the measured rate, although true for the marked population, 

would net be true for the population as a whole, and the survival rate would be 

under-estimated. 

J. Trapping cycle. With die system used* the traps arc bid according to a pro¬ 
gramme which ensures thai a trap is laid ,.r each point once in cadi cycle of trapping. 
The cycle is arranged so dim imps are laid at adjacent points, welt within die normal 
range of die nil, at intermediate times, hut it is possible, with ranges marginal to the 
trapping area, that only one trap or one line of traps fulls within (lie norma] range. In 

that ense the rut will be exposed to trapping only lor one week in each cycle. If the rut 

dies within the interval its last appearance will be allotted to the beginning of the cycle 
instead of lo some point within it and (he survival rate would be under-estimated. We 
may apply a maximum correction by adding a period equal to half a trapping cycle to 
the mean length of life. This correction is applied in table 7 and the corresponding 
survival rates worked uuL Where data .ire obtained from two areas with different cycles, 
a mean value of the cycle is used, 

4. Slum experiments. Fiats occasionally reappear after a long absence (several 
months). If the experiment had been discontinued during the time, such ruts would 
be recorded as non-survivors after the last appearance. I his sort ol error will be ol 
importance only in short experiments, such us that at “'1 ayioi Rond" and at “Forest'. 
For the other experiments a six month interval without record Eras been allowed before 
any rat has been recorded ; s a non-survivor, Unfortunately all the records for the five 
species of forest rat (Fig. 4’ are derived from the "FuresL" mark-recapture experiment, 
and ail may be considered underestimated. This effect wit] be emphasised by a long 
trapping cycle and ibe correction applied above will help to compensate for it. 

5. Other errors. Four possible sources of error have been considered, each ol 
Which would cause ihe survival rate to be under-estimated and which can. therefore, be 


Hun- Raffles 


N LI K V1 V A L it A' f L-. S (.) h M A L A VAIS ■ k A T S 


21 


allowed lor by a correction as suggested jp paragraph 3, The tilth source: 1- more diflt* 
eult to asses. 1 ;, ] l hJHjj bticn assumed in these calculations that p, the probability that a 
ril " will be recap Lured at any time after a particular date, remains constant fhis ma\ 
or ituiy not be trtic, It is quite possible that p increases with lime; either because a lirsl 
trapping (at which the rat is marked) produces a temporary trap-shyness, thus reducing 
the chance of recovery soon alter marking, or because repealed trapping produces 
a liking For it tips, which would increase cite chance of recovery with lime. Either of 
these eau.scs.. by producing an increase of p with time, would cause Che recovery curve 
to be concave upwards. Another possibility is that p may decrease with time as repealed 
■ rapping 3 nay induce a cumulative trap shyness. This s hots Id produce a curve which was 
concave downwards. In fact there is no sign of eliher departure from a straight line, nnd 
the possibility 1 ss ignored. 

A comparison pi survival and reproduction rales. We now have estimates of the 
survival rates of these nils obtained by two different methods which are reasonably in 
agreement. It remains to he seen if these rates are also in agreement with the pregnancy 
rates tor the species given in the two earlier papers 1 Harrison 1951a, and 1955). If the 
population is stable, and that assumption is being made here, then the total number of 
rats dying in unit Lime will be equal to the total number bom, that is the deads rate and 
birth rate will he equal so long as these arc both calculated on the whole popu Inti em¬ 
it has been assumed that die deaiti rate is uniform for all ages, and therefore the death 
rate calculated above will be die same as die rate tor die whole population: the death 
rate being, of course, tine minus the survival rate. 

Estimation m the birth rale. A birth rate lias not yet been calculate J. In the earlier 
papers estimates were made, from the records of animals examined, of the pregnancy 
rates, mean embryo numbers, and sex ratio, and from these a "reproduction figure.’" was 
caicubled, being (lie number of embryos per hundred rats (of both sexes .i examined. 
To calculate a birlh rate from this rl veil I be necessary to estimate (he period of visible 
pregnancy, the loss of embryos and the number of si ill births. 

The period of visible pregnancy is not known For any of the rats considered. For 
R- norre£kitx it appears to be of the order of Etf days i, Perry 1945) and there is 
nothing to suggest that the gestation period of these rats differs widely from that species, 
so a period of IS days f0-6 months) is taken ns a first approximation. 

The loss of embryos, again, must be largely guess work, fable shows for each 
species, the mean litter size for the youngest and the oidesi embryos respectively (i.c. ot 
die numbers in ihe lowest nnrl highest weight groups) and, in the last column, the mean' 
For the oldest embryos is expressed as a mean of all titters. Clearly there is a reduction 
although how much of this reduction is due to larger litters having embryos of smaller 
average size is difficult to assess. However the mean of all these ratios (S7 per cent) 
can be taken as an estimate of the loss of embryos for all species. 

The numbers of nests found with litters intact has been too small to provide any 
estimate of the usual number born alive, and some other estimate must be used. A 
study of a domestic colony of /?. norvegiciis hy Dewar ( 194.5) gives a rale of S3 per 
cent survival of the total number oF nestlings born. Combining these two estimates of 
H7 per cent survival of embryos ami S3 per cunt survival of nestlings we get a ratio of 
72 per cent between nestlings and embryos and this estimate is used below. E.cshc ei al 
11952) in their sLudy of R tiorvcsiuts in the eom-ricks obtained an embryo number 
oF 94 >3 h and a mean litter size or 7 t) in round figures, a ratio of 7S per cent. 


Mus. 21, im 
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f 1 - - ™ ,ra Ppctl, T” lned Yo ™« however- 

production figure, therefore, is worked not f-. and 50 are nc,t counted. The re- 

Inn by the number of rats in (hew £ -, r v ' F^'pul.ition Jess than the whole nojujh- 

nge which the nit is firsL captured' is a thenllif reo"' faS* S » rV ‘ Val ralc is «tind die 
population AV" instead of ,v. There win h. “ re P roi - uct “m figure is calculated on a 
™ts. so the reproduction figure " 3 * P re E"^™ s among these very y„ un „ 

r he value of u is estimated f™3mwcs7m \™mm It bv the «| "7 

“* lra f’P trl bICS * and 2 “ d «* weights at'which rats ire 

Vhc birth rate which we need rim e, 

cm tj^rcfurc’ be estimated from cite rtprJ^Lion'br ^ 'T l ° t0li,J PoPBlalion* 

_ / f t0r V|Sjbie Pregnancy, 72 per eem f 0r de- rl L ^ b> mLjk, P ] >'rng by the Factors 
population on which i, was calculated, that i s “fiLV factor '£* '**' ^ ** for «» 
30 72 

X _ ■ i' , ‘ 1 ] ,"2 J» 

J® roo 

ttaJ™ tZTirr* the <to “ b — * wm be seen 

rale is derived from the reproduction fiimic'™".';'-. L ’ si: reuicmbciing that ihc “birth 

T emCal 3 ' vilWn "> P-cent is ffiE" 1 ' F ” C!,SC ° f - 

JlK n,tes *riw*J from the marking ^ 5 P" « Miked (J-4.) 

agreement than those from the weia'in csrh3T, ( “ rrL 'f t<;d 1 S ivc a decidedly belter 
for R.r. argentiwmer, in Whicii the survival ™ie"fm th 5 n0ii ’ blE cxcc pti»n of those 
clearly much Loo low. f ™ n ' the marking experiments is 
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Table 9 

A comparison or the rtcitlh onus, uSLimaied from the marking experiments (M) and from iSie 
weighi distribution <W) with die "birth rate" estimated fraru ilie reproduction figure (r) mul the 
age :jl Hrxt capture tnl. 


alge Rep fa- 

. r ..J _ 


%ciw 

Method 

Hahtlal 

.IVvi'tW tit first 

duel ion 

Birth 

iTjtj fh 





rn re 

fapln re 

figure 

raft; 

rate 

Agreement 




s 

a 

r 

! -2rj* 

tl-J) 





% 

(months} 

% 

% 

% 


ChiToputhimys 
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W 

forest 

96 

2 

14 

15 
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R.r. ditirtiii \ 
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83 

2 

47 i 

3£ 
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S 



HO 
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R. r itihfetuis 

IV 

oil palm 

S9 

2 

at s 

21 

11 

+ 


w 

scrub 

£5 

2 

.o, [j 

31 

15 



M 

SK 

87 

2 

21-St 

ao 

13 

■+■ 


M 

P It S 

76 

2 

36* 

25 

24 

-H- 

il. r. or gen tiv en tcr 

*. W 

HOIS* 

93 

2 

13-7 

14 

7 

+ 


M 

PSH 

72 

2 

13-7 

9 

28 


R.r. ftirak 

IV 

t sJ ;l n d 

90 

2 

12-1 

12 

10 

T + 

R. t’xultini 

.. w 

fjrJLVS 

85 

3 

51 

38 

15 



M 

P 

73 

3 

51 

24 

27 

+ + 

R. mii fieri 

W 

forest 

93 

2 

27 

28 

77 



M 

E : 

K4 

2 

a? 

23 

36 

+ 

R bowersi 

W 

r 

93 

2 

15 

16 

7 

+ 

R. n'hitehetldi 

W 

fore-st 

n 

2 

40 

29 

22 

b 


M 

F 

15 

1 

40 

27 

25 

+ + 


M 

r n s 

66 

1 

40 

21 

34 
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ll r 
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92 


15 

15 

8 

+ 

/i! . rajah sarifer 

M 

F 

86 

2 

17 

15 

] 4 

++ 
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.. M 

F 

79 

2 

13 

10 
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R. sabtin .'r.r 
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1 

22 

24 

► 7 



M 
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7B 

1 

22 

21 

22 

+ -F 

R ■ Cttruts 

.. w 

forest 

90 

a 

24 

23 
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Conclusion, 'Hie object of The present investigation was to obtain information about 
tile survival of ruts, 'i hc inforination available suggests that the survival rale Is approxi¬ 
mately constant, whatever the age, and tin at die information can thus be adequately 
summarised by giving merely a mean survival rate, lids is done in tabic 10, where the 
best estimates from table 9 arc assembled and expressed as (;z) survival rate per month, 
(h) mean length of life, and (t) ''effective maximum'' length of life, being die maximum 
of '15 pet cent of the population < that is the nee which only 5 per cent cun be expected 
to survive). 

■ I'he valtie (if I lie reproduction lljUJIV for H,r. julwiim from “scrub" i s a new value. no\ 
published in lliu papers tuCHI toned* and derived from nil rats, whether cotlrctcrl -tn "lorcst'', which i:, 
m fuel the clcyrrnu:. of tile aborigines, OJ w;js(gJyTi.d 

' The reproduction rate fur Spmnicr koad h rnken ,i> thill ol ihc oil palm ruts, and thu| ior 
Fylon ;snd Stream ns forest. 


M us, 77. 1956. 
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Table 10 

SiiMMAftv ah Survival Figures 

I he iigurci ci ■ i;fi :ir™ iSiose. showing bcs,[ u^rs-criicnL an [uhlc y. oj ii cures urhi ireriJy corrected 
ic- givt iiy.rt; l:jiil' rii ] he figures in Lne ];ist column Lire die maximum periods for which marked rati 
1 1 it vc heeri recovered, !he two highest record.-, being given. For cite t'urest rats the period is shown 
as Hi- Lt) MidiLLiie ili;it the ret was observed during LfJ months and was tell] being recovered when 
!]jl- experiment W9-H disconli□ UCd. 
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—. 
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9+ 
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12 

— 
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ThE estimates used arc thn.se which give best agreement with the estimated birth 
rate, but for Chimpodowys gtifoides, R.r. tliardii, ft. bonersi, and R. catua\ for which 
only the weight estimation was available. that estimate lias been reduced by S per cent, 
the mean of all differences between weight estimates arid those marking estimates which 
give a good til. Such a reduction, in each case, gives a good agreement with the esti¬ 
mated birth rate. The same method has been applied to R.r, argentivctiter, for which 
the estimate from marked rats is dearly too low. 

In the last column is shown the two maximum periods fur which a marked rat has 
in fact been known to live. Again with the exception oT R.r. ar^enti venter, the agree¬ 
ment with ihe calculated ^effective maximum'” is dose. 

The figures must justify themselves by their consistency, and with the exception of 
R.r. <trgentivetuer they are reasonably consistent, 11 will he seen from iigures 7 to 9 that 
R.r. nrgentiventer and R. sub an us are the only two species for which the number marked 
( A' j difTers greatly from Lite number represented by the point aL which tlie regression 
line cuts the zero axis. This indicates that p is small compared with .v, ;ind that Lite 
cliance of recovery of a marked rut of these species is small compared with the chances 
For ol her species. For R. sab anus the reason for this is dear. As will be explained in a 
later paper, the area "Forest 11 in which the marking experiments were carried oui was 
not. favourable to Lb is species, and most of the sped mens marked evidently had rouges 
outside the experimental area. An undue proportion were therefore marked and never 
seen again. R.r. arsentivemer^ however* clearly ranged over the experimental area* and 
it seems that either the species is unusually “trap-shy", or else that it has an unusually 
large range, oi is addicted to wandering, as suggested, on oilier grounds, in an earlier 
paper (Harrison 1951), 
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It should be noted that the species with Hie lowest survival rates, R.r. t!iurdti> R.r. 
jalorensix, R. e.xttimis. and R. wtiifeheadi, :ire the very species whie ]3 can live in scrub, 
cultivation, and urbnn conditions, Gear \y a low .survival role is nol ;i disadvantage, 
riLtsier it should be looked upon ns ilic corollary of a high birth rate, imlicalmc a species 
w 1IC 1 CAn mn ^ cjcirckiy build up a large population and occupy new territory. 

Summary 

I. For the six years 1948-54 ruts in the neighbourhood of Kuala Lumpur, 
Selangor, Federation ol Malaya, have been studied by routine collection f primarily for 
parasites), by marking and recapture, and by .keening in captivity. The species for 
which sufficient data have accumulated are the Tree Mouse Chtropodmnys taTife* 
„ knc5[ ral * Raiitli midieri, R. bmmrsi, R. whiiehetidR R. rajah, R. sabmiu. r. and 
K. emit is, and the commensal species /iiimir ex ulans, and Rat tux rat ms in the form* 
R.r. amrait, R.r. attentiventer T R.r. jattHvmr\\ and R.r. jarnk. 

T Inc central part of Malaya has an unusually uniform climate, and the rats 
cali'lut no breeding season. The size of a rat can, therefore, he related to its nge : and 

ij , 3 * !| , we ^ 11 niKj age ;j rc gjvi n founded partly upon mark-recap;ure experiments, 
and partly upon caged animals. 

3. The weights at dilfercnt ages ure applied to tile weight distribution of a larue 
random collection to obtain Itle tables which ure expressed graphically, Jr appears that, 
at least I or the lirst few months of life, the survival rate is constant. 

■ I The survival rates of nits marked a I different ages are compared, and no siena- 
hca.nL diJTerences are found, 

5, Results of marking experiments are, therefore, consolidated, and treated era- 
phicaliy Eo give an estimate of mean survival rates, 

ft. The survival rates obtained by these two methods are compared with one 
another and with die reproduction rate estimated from data previously published. Hsti- 
mates from the weight distribution arc fairly consistently higher than those from mark- 
■ rig. which latter give close agreement with I lip birth rates. 

7. A summary of estimated survival rates is given for the twelve species. 
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